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(Received for publication 7 February 1968) It is now well established that homografts of fetal or very young infant tissues may outlive grafts from adult donors of the same genetic constitution (1) . Moreover, when only minor histoincompatibility barriers prevail, such grafts may eventually render their hosts unresponsive to adult skin grafts of the same genotype (2) . Thus, in C57BL/6 mice, chronic exposure to neonatal male skin isografts can alter the ability of adult females to reject adult male skin isografts (3) . In such a situation one is dealing with abrogation of reactivity to a relatively weak transplantation antigen--known as the "H-Y antigen" or "Y-factor" (3)--which is probably autosomally determined but expressed only in the presence of the Y chromosome (4) .
While there is no question but that the state of unresponsiveness induced by these orthotopically placed infant grafts simulates that produced by a variety of other procedures including neonatal exposure to antigen (5) , adult exposure to antigen in conjunction with immunosuppressive procedures (6) , or repeated pregnancies of females of one strain with males of another (7), the etiological relationship of this state of unresponsiveness to these other methods of obtaining a specific immunological paralysis remains to be resolved. This study was undertaken in the hope of elucidating the means by which neonatal skin grafts produce tolerance. More specifically, the ability of newborn male skin isografts to render adult females unresponsive to adu/t male skin has been investigated under a variety of experimental conditions.
Because of the diversity of the experiments to be described an account of some of the techniques and procedures employed, as well as some discussion of the results, will be presented in the sections to which they relate.
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i.e., that had certainly reached immunologic maturity. Skin grafting was carried out in accordance with the procedure fully described by Billingham (8) . Newborn skin grafts comprised about half of the integument of the donor's trunk. Adult grafts were full thickness disks of skin, about 1.0-1.2 cm in diameter. Recipient areas for grafts were prepared in the skin of the hosts' lateral thoracic wall. First grafts were always transplanted on the right side of the body and second grafts on the left side, except in those experiments in which the first graft was removed and replaced by a second one.
In many cases the precise determination of the survival end point of the graft was difficult to assess because the rejection process was of the chronic type. In such instances scraping the graft lightly with the fingernail was helpful in judging when epidermal destruction was complete. Median survival times (MST's) of grafts were estimated by Litchfield's (9) homographic method. 
RESULTS

Control
Data.--As in previous studies C57 mice were used since females of this strain consistently reject male skin isografts more rapidly than do females of other strains. Isografts exchanged between all other donor/recipient sex combinations are uniformly and permanently accepted. The distribution of the survival times of male skin isografts transplanted to 30 normal adult C57 females, forming the base line of this study, are presented in Table I (group A) . The MST of these grafts is 24.5 4-2.6 days (SD, 1.35 days) which is consistent with that obtained in a previous study in which a much larger sample of animals from the same source were tested (3) .
As in this earlier study, a survival time of 100 days for a test graft was adopted as a criterion of the establishment of a state of tolerance as a consequence of some p r e t r e a t m e n t . I n this regard it should be noted that, of the m o r e t h a n 100 normal females t h a t h a v e been challenged with adult male skin in the course of our investigations on the Y-factor, only one has survived for more t h a n 100 days.
Survival of Neonatal Male Skin Isografts Transplanted to Adult Females.--To
produce females unresponsive to the Y-factor as a result of exposure to neonatal male skin isografts, for experimental use, a group of 46 adult females were challenged with skin from males less than 24 hr of age. 34 (74%) of these grafts survived for more than 100 days (Table I , group B), a percentage consistent with the 61% previously reported for a smaller number of animals (3) .
Influence of Prolonged Exposure of Adult Females to Neonatal Grafts on Their Reactivity to Adult Male Skin Isografts.--To obtain base fine information on the ability of these neonatal grafts to render their hosts unresponsive of the Y antigen, 20 animals from the above group, i.e. those bearing neonatal male skin grafts of 100 days standing, and 20 females which had borne neonatal male grafts in impeccable condition for 50 days, were challenged with adult male skin isografts on the left side of the thorax. The results (Table II) show that there was no difference between these two groups. In both of them, approximately 50 % of the animals bearing a neonatal male graft for 50 or more days accepted a subsequent adult male graft for more than 100 days. Moreover, in both series almost half of the animals which rejected their adult graft retained the graft of newborn skin, presumably because their "established" status protected them from the weak sensitivity involved.
Survival of Neonatal and Adult Male Skin Isografts When Transplanted Simultaneously to Adult
Females.--While it is evident from the above results that neonatal male skin isografts can render adult C57 females unresponsive of adult male skin isografts after they have been in residence for 50 days, it is not certain whether this "tolerogenic" effect begins immediately after trans-plantation, when the grafts are healing-in, or is delayed until they have been in reisdence for some period of time. If the latter prevails then one would not expect a neonatal skin graft to be able to prolong the life of a concomitantly transplanted adult graft. Accordingly, a panel of 22 adult females were challenged with adult male skin on one side of the thorax and with neonatal male skin on the other. The results (Table III) demonstrate that even when newborn skin is transplanted concomitantly with adult skin it can produce tolerance of the latter, although it is not as effective in this regard as when transplanted beforehand. Thus while 5/22 (23 %) females accepted the adult male skin graft when challenged simultaneously with both grafts, 21/40 (53%) accepted this graft after bearing neonatal male skin for 50 or 100 days (compare Table III with Table II) .
It should also be noted that the presence of the adult graft may prejudice the >100/24, >100/30, >100/39, >100/41, >100/84, 5 X >100/5 X >100 survival of the newborn graft since only 50 % of the animals challenged with two grafts accepted the neonatal one for more than 100 days, whereas nearly 75 % of females grafted with neonatal skill alone retained their grafts (compare Table III with Table I , group B). The differential privilege enjoyed by neonatal skin over adult skin when both are grafted simultaneously may be related to a difference in their antigenicity, i.e. the neonatal graft may be less vulnerable to immune attack because, as results to be presented later suggest, it is less antigenic than adult skin. Evidence in favor of this possibility stems from a recent investigation by Lapp and Bliss (10) who found that when each one of a panel of strain A mice was challenged with two skin grafts, one homozygous for a weak histoincompatibility factor and the other heterozygous for the same foreign factor, the heterozygous graft survived longer. The greater growth potential of neonatal skin may also contribute to its longevity.
Importance of Neonatal Graft in Maintaining Tolerance of Adult Skin.--The
results so far show that neonatal male skin isografts can render adult females tolerant of adult male skin isografts most effectively if chronic exposure to the neonatal skin precedes challenge with the adult graft. Unlike mice rendered tolerant by inoculation of cell suspensions prior to skin grafting, the present animals are not necessarily chimeric at the cellular level (see below). Accordingly, it seemed important to determine whether the continued exposure of the host to the foreign graft was essential in maintaining the tolerant state. To explore this, neonatal male skin isografts of 50 days' standing on 31 animals, which exhibited no signs of rejection, as well as similar grafts of 100 days' standing on 20 recipients, were completely excised. These two panels of animals 12.5 4-0.7 1.14 were then maintained for 50 days after which they were challenged with an adult male skin graft on the left side of the thorax. The results (Table IV; groups A and B) show very clearly that not only did the majority of the animals in both groups reject their grafts, but they did so in a manner indicative of a state of sensitivity in the host. Since about 50% of these animals would have been expected to permanently accept these adult grafts if the neonatal graft had not been removed (Table II) , it appears that the continued exposure of the host to the latter is mandatory for maintenance of the unresponsive state.
Because a period of 50 days without a neonatal graft was sufficient to convert TOLERANCE OF H-¥ ANTIGEN WITH NEONATAL SKIN a state of tolerance of adult male skin grafts in some females to one of sensitivity to such grafts in some animals, two additional groups of females were studied. In one, neonatal male isografts of 50 days' standing were removed and immediately replaced after careful removal of all adherent fascial tissue with the aid of a scalpel. In the other group the noenatal grafts were replaced with adult male skin. The results (Table IV ; groups C and D) indicate that although removal and immediate replacement of neonatal male skin isografts prejudices their survival, they nevertheless fare better than adult grafts which replace them. Thus, while 9/20 (45%) of the retransplanted neonatal grafts were accepted for an additional 100 days, only 5/23 (22%) of the adult grafts survived for a similar period. The fact that an adult graft replacing a neonatal graft is more likely to be rejected than one transplanted alongside a persisting long-established neonatal graft (see Table H ) gives further impetus to the contention that the continued exposure of the host to the newborn graft is important in maintaining tolerance. Moreover, the inability of regrafted neonatal skin to do as well as it would have if left alone is in accord with other evidence which suggests that healing-in grafts are more susceptible to weak levels of immunity than established grafts (11, 12) . A contributory factor may be that the relatively large amount of fascial tissue underlying these grafts, formed during the process of healing-in and removed when they were regrafted, contributes to their survival by buffering them in some manner from weak levels of sensitivity.
Survival of Long-Established Newborn Grafts on Adult Females When Retransplanted to Hitherto Ungrafted
Females.--One factor which could be responsible for the longer survival of the removed and replaced newborn male skin isografts, as compared with the adult male grafts which replaced them, is their immunogenicity, i.e., they may have never acquired antigenicity of adult male skin. Skin grafts from adult males castrated at birth, or shortly thereafter, mjoy a prolonged survival on isologous females (13) , and inasmuch as neonatal nale grafts which develop on female hosts are undergoing essentially the same treatment, they also might be expected to survive longer on female recipients. To obtain support for this premise, 23 newborn male skin grafts which had been in residence for 105-256 days on female hosts were regrafted to normal adult females. The survival of these grafts (Table V) was significantly greater than normal male skin isografts on similar hosts (Table I) . Consequently, although definitive proof is still to be obtained--e.g., by observing the fate of neonatal male skin which has developed on adult males before regrafting to normal females--one explanation for the privilege afforded neonatal male skin grafts raised on female hosts is that, for some reason, they are not as antigenic because they have not been exposed to male hormone. An equally plausible alternative is that, during their long sojourn on adult females, there is a progressive surreptitious replacement of vascular endothelial and connective tissue cells of male origin with those of female origin, reducing the magnitude and disposition of the alien cell population involved (14, 15) .
Conversion of Immunized Females to Unresponsive Animals.--Since females rendered unresponsive of adult male skin isografts with neonatal male skin can, as noted above, sometimes be converted into sensitized animals by removing the neonatal graft, the question arises whether sensitized females can become tolerant if exposed to neonatal male skin. To resolve this question, 31 adult females each received an adult male skin isograft and, 2 wk later, an intraperitoneal inoculation of 5 million C57 male lymphoid cells. After these females had rejected their grafts and, therefore, were presumably sensitized against the Y4actor, they were challenged with a neonatal male graft on the left side of the thorax. Although, as anticipated from the results of a previous study (3), 23 (74%) of these females rejected their second grafts, 8 accepted them for more than 100 days. These 8 females were subsequently exposed to adult male skin grafts which 6 of them had accepted for 100 days when the experiment was terminated. The two animals which rejected the adult graft did so within 12 and 20 days respectively. In only the latter animal was the original neonatal graft also rejected and this occurred on the 38th day. It is therefore evident that sensitized females can occasionally be converted into tolerant animals after exposure to neonatal skin.
Influence of Implantation of Newborn Male Skin Grafts into the Spleens of Adul~ Females on Their Reactivity to Adult Male Skin
Isografts.--In all the experiments so far described, adult females were made unresponsive of adult male skin grafts by exposing them to orthotopic neonatal male skin grafts. To determine the significance of the location of the grafts in rendering these females tolerant, 23 females were grafted intrasplenically with neonatal male skin and, 50 days later, were challenged with adult male skin orthotopically.
The grafts were implanted in the spleen with the aid of a trochar fashioned out of a No. 19 gauge hypodermic needle fitted with a central stylet. Each host received three small pieces of tissue equivalent to about 2 mm 2. The grafts were biopsied and examined histologically either at the time of rejection of the orthotopic graft or after it had survived for 100 days.
The fates of the orthotopically placed adult male skin challenge grafts are summarized in Table IV (group E) which shows that in only three animals did this procedure cause tolerance of adult skin. Indeed, in most cases exposure to the intrasplenic graft apparently resulted in sensitization as evidenced by the curtailed survival times of the adult test grafts (see Table I ). Moreover, in all hosts, including those which retained their challenge grafts for 100 days in good condition, histological examination of recovered intrasplenic grafts revealed that they, too, had been destroyed.
To determine whether the orthotopicaUy placed adult skin graft had prejudiced the survival of hitherto viable intrasplenic neonatal grafts, a panel of 19 females received only the latter. Although these grafts obviously grew and developed crops of hair, an were broken down when examined histologically 50 days later. It therefore appears that, unlike the situation with orthotopically placed neonatal male skin grafts, neonatal skin grafts transplanted to the spleen are not exempt from rejection, despite the fact that they may occasionally render their hosts unresponsive to subsequent orthotopic adult male skin grafts.
Importance of Graft Size.--The contrast between the efficacy of orthotopic
and intrasplenic newborn grafts in producing tolerance suggests that the location of a graft may be crucially important in determining its tolerogenic capacity. There is certainly evidence to indicate that tactics of antigen administration can be important in determining whether immunity or unresponsiveness will be elicited (1) and where a graft is inserted may be important in this regard. However, it is also conceivable that the difference in results obtained was caused by the great disparity in the size of the graft introduced into the spleen as compared with those placed orthotopically. Very large skin grafts are known to survive longer than small grafts, especially when only weak histocompatibility differences prevail (10, 16) , and the combined area of the three pieces of newborn skin which was introduced into the spleen was only a small percentage of each orthotopic graft.
To help exclude graft size as the responsible factor, 22 females each received a small male newborn skin graft orthotopically (Table VI) . Although most of these grafts were somewhat larger than the aggregate amount of tissue placed in each spleen, they nevertheless approximated the size of the splenic grafts much more closely than those grafted previously. Since only 6/22 (27%) of these small grafts survived for 50 days and only 3/22 (14%) for 100 days, compared with 34/46 (74%) for the large grafts, the small size of the intrasplenic transplants does appear to have prejudiced their survival. However, the fact that some small orthotopic grafts did persist in excellent condition for at least 50 days, whereas none were accepted when placed in the spleen, suggests that graft location may also be important in determining graft survival.
Analysis of the Chimeric Status of Females Rendered Tolerant with Neonatal Male Skin
Isografts.--In an earlier study (3) it was shown that females rendered tolerant of male skin isografts by a variety of treatments may exhibit different levels of chimerism. Thus while chimerism was readily detected in females made tolerant by neonatal inoculation with 5 million isologous male spleen cells, it was not apparent in those whose tolerant state was acquired through * The grafts were oval or round and were measured after they had been in residence for 12 days. multiparity. To determine whether females made tolerant by exposure to neonatal male skin grafted orthotopically were cellular chimeras, the same method as that utilized in our previous investigation was employed. This involved preparing splenic cell suspensions from females which had accepted adult male skin isografts for at least 100 days and inoculating aliquots of 20 million cells, intravenously, into each member of a panel of newborn C57 females. It follows that, if these recipients subsequently accept male skin isografts, the original inoculum must have contained a sufficient number of male cells to induce tolerance. The minimal level of lymphoid cell chimerism detectable by this method is less than 0.5 %--i.e., the presence of 12,500 male cells per standard 20 X 106 inoculum (3).
The spleens of eight females bearing both neonatal and adult male skin grafts were assayed independently. None of the 22 females inoculated at birth with 20 million spleen cells derived from these tolerant animals subsequently
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accepted a male skin isograft for more than 55 days. Moreover, the MST of these grafts (29.0 4-3.0 days; SD, 1.30 days) was not significantly different from that of the control group. It therefore appears that females rendered unresponsive with neonatal male skin isografts, like those made tolerant with very large adult skin grafts (16) or by multiple pregnancies, have no male cells, or very few male cells, in their spleens--i.e., they are not chimeric.
Parabiosis of Females Bearing Neonatal Male Grafts with Normal Females.--
Parabiosis of normal females with females made tolerant by neonatal inoculation with isologous male marrow cells usually results in the acquisition of unresponsiveness against the Y-factor by the former (3). This does not occur, however, when normal females are united with females rendered unresponsive of the Y-factor through parity. In this instance the normal females, when separated, display a normal response when challenged with male skin (3). These results are consistent with the presumed persistent high level of cellular chimerism in the lymphohematopoietic tissues and peripheral blood of the animals rendered tolerant by neonatal inoculation of cells from the lymphohematopoietic system, a condition which does not apply to those made tolerant through multiparity. Evidently, chronic perfusion of normal females with male leukocytes originating from their tolerant and chimeric parabionts is essential for "transfer" of the unresponsive state to occur. If this is so, the ability of tolerant females to transfer tolerance to normal parabionts affords an alternative and possibly a more sensitive means of determining their chimeric status. Accordingly, eight females bearing neonatal male skin isografts of 100 days standing were parabiosed with normal C57 females for 3 wk. The latter were then separated and 7 days later challenged with C57 male skin to determine their responsiveness to the Y antigen. The methods of surgical parabiosis, and separation of parabionts, have been described previously (3). The survival times of the male grafts on the eight female recipients--2 X 18, 23, 27, 29, 33, 34, and 51 days--fall within the range for normal virgin females (Table I) . Moreover, the survival of the originally newborn and long accepted grafts was not prejudiced by the treatment since they continued to thrive. The results of these tests confirm the previous indication that females bearing neonatal male grafts are not perceptible cellular chimeras.
Delayed Grafting of Mu!tiparous Females.--The foregoing account suggests
that the unresponsiveness to the Y-factor which results from exposure to newborn skin closely resembles that induced by multiparity. This similarity stems principally from the fact that, unlike tolerance produced by the inoculation of male cells from isologous or even homologous donors, females made unresponsive by either of these methods are not demonstrably chimeric. Moreover, the finding, that when females and males differing by stronger antigens than that determined by the Y locus are employed, maternal lymphoid cells become sensitized against the antigens of the mating male (17), may be related to the fact that female hosts preconditioned with neonatal male skin grafts sometimes do manifest an immune response when challenged with adult male skin (see also reference 2).
To obtain further information on the relationship between the altered reactivity of females to adult male skin isografts following multiparity with that which results from exposure to neonatal male skin, 23 C57 females, which had raised 6-11 litters, were isolated for 72-230 days after birth of their last litter before being challenged with an adult male skin graft. This was undertaken to determine if these females, like most of those in which neonatal male Table VII , show that, unlike the removal of a neonatal male skin isograft for 50 days, delayed grafting of multiparous females for even longer periods does not result in many of them eliciting what may be considered as an immune response. Indeed, if the rejection of a male skin isograft in 14 days or less is considered a second-set reaction, only four females displayed such a reaction. Nevertheless, delayed grafting does seem to reveal a progressive loss of the tolerance induced by mnltiparity. Evidence for this stems from the fact that, whereas only 7 of the 23 females noted above mainmined their male isografts for 100 days, 18 of 24 such animals accepted them when grafted soon after giving birth to their last litter (3). Breyere (18) has recently reported a similar loss in tolerance in multiparous females after delayed grafting. In his experiments a variety of histocompatibility differences were involved.
DISCUSSION
Besides the various means of procuring tolerance of weak transplantation antigens already mentioned, there is one additional method that deserves special consideration because of its similarity with the situation under analysis. This entails exposing the host to a subcutaneous ovarian graft prior to challenging her orthotopically with an adult skin homograft of the same genotype (19) (20) (21) . Not only are the unresponsive conditions produced by ovaries and neonatal skin analogous because their persistence is essential for tolerance to be maintained (21) , but they also parallel each other from the standpoint that even sensitized animals may accept grafts of these tissues (20) . Moreover, animals bearing a recently transplanted ovary may manifest an immune response against a subsequent adult skin homograft (21)--a situation which can also occur after prior exposure to a neonatal skin graft (2) . While no direct evidence is available to substantiate the fact that females bearing ovarian homografts, like those maintaining neonatal male skin isografts, are not cellular chimeras, this, too, seems highly probable. Finally, the inability to passively transfer the unresponsive condition produced with ovarian grafts with serum (20) , is consistent with the failure of normal females to become tolerant of adult male skin isografts following parabiosis with females bearing neonatal male skin grafts of long standing.
The major discrepancy between ovary and neonatal skin induced unresponsiveness is the fact that, whereas in the former case some time evidently has to elapse between pretreatment and the application of the adult skin graft if this graft is to be accepted (21), this is not necessarily the case with the latter. As the present observations demonstrate, neonatal skin grafts sometimes condition hosts to accept adult skin grafts applied at the same time. Another difference concerns the amount of tissue grafted, i.e., in spite of the fact, that the small grafts employed in this investigation were much more closely related to the size of an ovary than the large grafts, they did not fare as well. While it is conceivable that these differences are significant insofar as basic mechanisms are concerned, it seems more likely that they result from the diverse immunogenetic combinations employed to investigate the tolerogenic properties of the two tissues.
The privilege afforded neonatal mouse skin is somewhat analogous to the acceptance of pouch skin homografts by hamsters (1) . Not only do homografts of this tissue usually outlive homografts of adult skin when transplanted to recipient areas prepared in the hamster's integument, but some survive indefinitely and abolish the host's ability to reject subsequent grafts of neonatal skin from the same donor strain. However, one important difference between pouch skin and neonatal skin is that while all the evidence suggests that the former does not acquire any lymphatic drainage, this is not the case with the latter2
It is obvious from the present results that there must be a close association between the kind of tolerance we are dealing with here and immunity. Not only can the one state be transformed into the other~ but some animals receiving what appears to be the same treatment can respond in either one or the other direction. Thus~ although many females bearing a neonatal male .~kin isograft of long standing accept adult male skin grafts, a few acutely reject these grafts. Neonatal grafts widch are removed and replaced after they have been in residence for 50 days are also sometimes promptly rejected. Finally, there is the occasional acceptance of an orthotopic adult male skin isograft by females which reject neonatal grafts of this tissue placed in the spleen.
This labile situation which exists between tolerance and immunity suggests that we may be dealing with a threshold phenomenon in which tolerance is achieved only after the animal has passed through a sensitized state (22) (23) (24) (25) ; a state which may reoccur when the antigenic sthnulus is reduced or removed. It is also possible that tolerance and immunity may coexist (24) with some cells which are competent to react against the Y-factor becoming "paralyzed" while others are stimulated to proliferate and elicit an immune response. The reaction displayed by the host would depend upon the proportion of cells in each categ o r y -a n d this might fluctuate according to the availability of and route of exposure to antigen--as well as the location" of the graft and whether it was healed in or not.
The tolerogenic effect of neonatal skin could also be due to the fact that it is much more antigenic than adult skin. Tolerance of the Y-factor has been induced in adult female mice by grafting them with adult male skin isografts comprising about 60% of total body surface (16) , and it could be argued that because of their greater antigenicity much smaller newborn male skin isografts can produce the same result. While the evidence presented here certainly cannot rule out this possibility, it is not consistent with it. For example, ff simple antigenic overloading is responsible for the unresponsiveness observed, one would expect tolerance to be most easily achieved in females which are exposed to neonatal and adult grafts shnultaneously and this is not the case. One also would anticipate that some small neonatal male skin isografts would be promptly rejected and this, likewise, does not occur.
SUMMARY
In contrast to the uniform rejection of adult male skin isografts by C57BL/6 females, neonatal male skin isografts are frequently accepted. Moreover, 50% of all females which accept a neonatal male skin graft for 50 days accept a subsequent adult male skin graft as well.
This ability of neonatal skln to produce tolerance has been investigated under a variety of experimental conditions. The results indicate: (a) Even when a newborn male skin graft is transplanted concomitantly with an adult graft, it can produce tolerance of the latter although it is less effective in this regard than when transplanted beforehand. (b) The continued exposure of the host to the newborn graft is vitally important in maintaining the unresponsive state, and most females deprived of these grafts for 50 days manifest an immune response when challenged with adult male skin. (c) Newborn male skin isografts raised on adult females are not as antigenic as normal male skin grafts. (d) Occasionally, even a presensitized female can be rendered tolerant by grafting with neonatal male skin. (e) Neonatal male skin grafts are not accepted when transplanted to the spleens of adult females although they may occasionally induce tolerance of a subsequent orthotopic adult male skin graft. The failure of these intrasplenic grafts to survive can be attributed at least partly to their small size since orthotopic grafts of comparable size usually do not survive. (f) Females bearing neonatal male skin grafts are not perceptible cellular chimeras.
Because the unresponsive condition induced with neonatal skin is similar to that which results from multiparity, this latter condition has also received attention. In this regard it has been established that unlike the removal of a neonatal male skin isograft, the delayed grafting of isolated females with a previous history of multiparity does not result in many of them manifesting what may be considered an immune response. However, this delay in grafting does seem to impair the tolerance multiparity produces.
The results are discussed in relation to other methods of producing tolerance in adult animals.
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